ABSTRACT BACKGROUND: Free flap surgery in the pediatric population has gained widespread acceptance regarding its technical utility and reliability. Initial concerns as to the feasibility and reliability of the procedure in children were resolved over time.
INTRODUCTION
Free flaps are a useful reconstructive option in the management of soft tissue defects, even in the pediatric population. [1, 2] Microsurgery was first performed in children in the mid 1970s, a few years after performing the procedure in adults. The first publications [1, 2] were sporadic, suggesting the microsurgical transfer was possible in children. [3, 4] Free flap surgery in the pediatric population has gained widespread acceptance after doubts about the technical utility and reliability of the procedure were resolved. Initial concerns as to the feasibility and reliability of the procedure in children were readily overcome by the fact that the relative size of the pedicle vessels is larger than those in adults. [4] In absolute size, though, the vessels can be rather small, which means that flaps with sizable pedicles and a reliable anatomy were preferentially selected. However, different authors have published successful results of free tissue transfers in children in various clinical situations, proving the utility and effectiveness of the microsurgical procedure, with a success rate comparable to that of the adult group. [5, 6] Perforator flaps have the advantage of well-known, sizable source vessels. Furthermore, their pedicles have enough length to allow for anastomoses out of the site of injury, and the skin islands cover the same area as conventional myocutaneous flaps, without any donor-site morbidity. The perforator vessels can be relatively small in children, though their relative size compared with the size of the child's body is greater than that in adults. [7] Our current study reports a series of 30 free flaps performed in children for various reconstructions. Seven of these flaps were perforator flaps, which are valuable reconstructive options even in pediatric patients.
MATERIALS AND METHODS
From January 1997 to January 2010, 30 children (15 boys, 15 girls) were treated in Sisli Etfal Training and Research Hospital, Plastic and Reconstructive Surgery Clinic. The children were assessed according to their age, sex, etiology of the defects, location of the defects, operation time, type of flap, recipient vessels, postoperative care, postoperative complications, follow-up period after the operation, and the child's growth. The types of flap and anastomosis in the patients who developed complications were also examined. Seven patients reconstructed with perforator flap were investigated according to age, sex, etiology of the defect, localization of the defect, flap type, recipient artery, operation time, and complications.
RESULTS
From January 1997 to January 2010, 30 children (15 boys, 15 girls) were treated. Their mean age was 10.8 (range, 2-17) years. Defects were located on the lower extremity in 22 (73.3%), upper extremity in 3 (10%), and head and neck in 5 (16.6%). The etiologies of the defects included vehicle accident (n=16), sequelae of burn (n=7), traumatic contractures (n=3), crush injury (n=2), epulis in the maxilla (n=1), and gunshot wound (n=1). The free flaps performed in our series included latissimus dorsi muscle flap (n=7), combined latissimus dorsi and serratus muscle flaps (n=2), serratus anterior muscle flap (n=4), cross latissimus dorsi muscle flap (n=1), scapular osteomyocutaneous flap (n=1), parascapular fasciocutaneous flap (n=6), fibular osteocutaneous flap (n=1), anterolateral thigh flap (n=6), medial circumflex femoral artery perforator flap (n=1), and crista iliaca osteocutaneous flap (n=1). The flaps used to cover the defects are shown in Table 1 .
The mean size of the soft tissue defect was 10x8 cm on the lower extremity, 6x4 cm on the upper extremity and 6x5 cm on the head and neck. Free flaps that were used to cover defects due to vehicle accidents and crush injuries were performed often in the first week of injury.
All patients were operated under general anesthesia. All anastomoses were performed with interrupted sutures of 9-0 or 10-0 nylon, end-to-side on the artery and end-to-end on the deep vein. Mean operating time was 6 hours. Broad spectrum antibiotics were given intravenously for 3-5 days according to the type of injury. Bed rest and prudent monitoring of temperature, color, capillary refill, and Doppler examinations were provided for 10 days.
The success rate of free tissue transfer was 93.75% (30 of 32). The parascapular fasciocutaneous flap that was used to cover a traumatic defect on the scalp was lost with venous occlusion on the 7th postoperative day. The serratus anterior muscle flap that was used to cover the defect occurring after burn contracture release on the dorsum of the foot failed due to arterial insufficiency. Partial flap necrosis was seen in two flaps (1 parascapular fasciocutaneous flap used to cover the defect on the dorsum of the foot and 1 latissimus muscle flap on the lateral aspect of the foot). These two patients underwent reanastomosis in the first 24 hours and the flaps were salvaged. Minor complications, including partial flap losses of less than 10% of the surface and small wound dehiscence, were noted in about 20% of our patients. These complications were treated conservatively or could be resolved by secondary suturing. The mean follow-up period was 49 months.
Seven perforator flaps were performed in the lower extremity defects. Six of them were anterolateral thigh flap and one was medial circumflex femoral artery perforator flap. The mean age of these patients was 10.8 years. We did not observe any partial or total flap loss. Small wound dehiscence was seen in one of the anterolateral thigh flaps. We did not determine any regression in child development during our follow-up period.
Representative Cases
Case 1-A five-year-old boy was admitted to the emergency department with avulsion of the entire leg skin and exposure of the tibia due to vehicle accident. Fracture stabilization was provided with external fixator. After serial debridements, the size of the defect consisted of the entire leg and heel. Combined latissimus dorsi and serratus anterior muscle flaps were preferred due to the large size of the defect (Fig. 1a-d) . Free flap transfer was performed on the 10th day of injury. The anastomosis was performed to the posterior tibial artery in end-to-side fashion. Two concomitant venous anastomoses were performed. Split-thickness skin grafts from the posterolateral thigh were transferred for flap coverage. Flap monitoring was performed by means of capillary refill, temperature, and Doppler ultrasound. Total flap survival with no tissue loss occurred. One year after the free flap transfer, the external fixator was removed and tibiofibular syndesmosis was performed (Fig. 1e, f) .
Case 2-A 13-year-old girl was admitted to our department with epulis lesion of the maxilla. After the lesion was excised with tumor free margins, a free vascularized crista iliaca flap was used to reconstruct the maxilla and hard palate ( Fig.  2a-d) . The anastomosis was performed to the superficial temporal artery, and concomitant venous anastomosis was performed. Flap monitoring was performed by means of capillary refill, temperature, and Doppler ultrasound. Total flap survival with no tissue loss occurred. Six months after the free flap transfer, all the mucosal surfaces were intact (Fig.  2e, f ) . (Fig. 3a-e) .
DISCUSSION
In recent years, there has been significant doubt about the technical versatility and feasibility of microsurgery in children. Initial concerns as to the feasibility and reliability of these procedures were overcome rapidly. [3, 4, 7] Microsurgeries succeed in children more often than in adults for two reasons. The first issue is that the relative size of the vessels when compared with the child's body is greater than that of adults, and the second issue is that children have minimal comorbidities like smoking, diabetes, hypertension, or peripheral vessel disease. In absolute size, though, the vessels can be rather small, which means that flaps with sizable pedicles and a reliable anatomy were preferentially selected. Parry et al. [4] stated that vascular spasm and atherosclerosis of the vessels are not issues in children.
The first flaps that were performed in children were skin flaps, which are not used today. Skin flaps are no longer preferred by surgeons due to the rather variable and small vasculature.despite the low donor site morbidity. [9] Irigaray described the inclusion of an anterior strip of the latissimus dorsi to increase the reliability of the flap, which could mean a myocutaneous or even the first compound latissimus dorsi flap. The flap in use in the early days of microsurgery was the
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In the perforator era, we started to harvest perforator flaps due to their minimal donor site morbidity. We thus harvested anterolateral thigh flaps in six of 32 patients and one medial circumflex femoral artery flap. There are a limited number of articles reporting perforator flaps in children, and the medial circumflex femoral perforator flap is not one of the flaps that might be chosen as a primary free flap. However, we performed the medial circumflex femoral artery perforator flap in a seven-year-old boy, and we did not see any partial or total flap necrosis in the early and late period.
[10] Today, we have begun to perform the perforator flaps because of the minimal donor site scar and their proven technical feasibility and reliability.
Most pediatric trauma series, as in ours, indicate that these injuries arise most commonly from road traffic accidents, and that males are more often involved than females. The choice of the free flap in pediatric reconstructive surgery seems to depend essentially on the size of the defect and the surgeon's preferences. In our series, we decided to harvest combined latissimus dorsi and serratus muscles flaps to cover the entire leg in two cases, and we covered large and dirty defects with latissimus dorsi muscle flaps. Our success rate approached 100% with these large muscle flaps due to their large caliber vessels.
Vascular integrity in children (absence of atheroma) is certainly one of the essential reasons for the high success rates of the pediatric series. Although vessel diameter in the child is smaller than in the adult, no major technical difficulties were encountered in our series. Even though 20% of our series consisted of perforator flaps, our success rate was almost 94%, which was consistent with the reported success rates of the other series (85% and 90%). However, while the success rate with the perforator flap is given as 96% in the literature8, we did not see any partial or total flap failure with perforator flaps in our series.
The two major criticisms of free flaps are the deficit at the donor site and possible effects on normal growth. Canales et al. [11] and Chiang et al. [12] found no growth disturbances at the donor or injury site over a longer follow-up period. Yu [13] also showed that bilateral harvesting of the latissimus dorsi in children can be performed without long-term effects. These problems were not encountered in our series, although the follow-up period may be too short (mean, 49 months).
The advantages of the free flaps in children included better adaptation of the flap growth and better learning capacity of the children, which provided the surgeon with more satisfactory functional and aesthetic results. 
